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Acute  Oral  Toxicity  of  DMSO  Process  Stream  Samples  in  Male  and  Female 
Mice — White  et  al 


I  Dimethyl  sulfoxide  (DMSO)  is  a  widely  used  industrial 
soiv^nt/reagent  which  is  currently  being  considered  for  use  by  the 
Holston  Army  Ammunition  Plant  as  a  replacement  process  solvent  in  the 
recrystallization  phase  of  HMX/RDX  production.  A  pilot 
recrystallization  facility  was  established  and  put  into  small  scale 
operation  to  evaluate  the  projected  advantages  of  DMSO  as  a  process 
stream  solvent.  Samples  of  the  DMSO  process  stream  were  taken  from 
two  locations  at  the  recrystallization  facility.  The  solution  samples 
collected  were  designated  DMSO  Recycle  Solvent  and  DMSO  Evaporator 
Sludge.  The  industrial  grade  DMSO,  also  sampled,  was  designated 
Virgin  DMSO.  The  Process  Stream  Samples  were  analyzed  by  the  Holston 
Defense  Corporation  Laboratory  and  were  found  to  contain  major  and 
minor  cyclic  and  non-cyclic  nitramines.  Since  nitraminc3  have  been 
reported  to  be  neurotoxic,  their  presence  in  the  samples  represents  a 
potential  health  hazard  to  workers  utilizing  this  production  process. 
Thus,  it  becomes  necessary  to  delineate  the  acute  toxicity  of  the  DMSO 
solutions  so  a  complete  health  hazard  assessment  can  be  obtained 
before  the  DMSO  process  solvent  procedure  is  put  into  full  scale 
operation  ( 1 —4 ) « 

The  Toxicology  Group,  Letterman  Army  Institute  of  Research,  was 
assigned  by  the  US  Army  Medical  Research  and  Development  Command  the 
task  of  performing  a  major  part  of  the  Phase  I  toxicity  testing. 

Phase  I  testing  involves  providing  those  data  necessary  to  determine 
potential  toxicity  associated  with  accidental  worker  exposure  to  DMSO 
process  streams.  These  initial  toxicity  assessments  would  be  used  to 
develop  the  appropriate  exposure  criteria  and/or  worker  protection 
requirements. 

Objective  of  the  Study 

The  objective  of  this  study  was  to  determine  the  acute  oral 
toxicity  in  male  and  female  ICR  mice  of  the  DMSO  Process  Stream 
Samples:  Recycle  Solvent  (LAIR  Code  TPOIj),  Virgin  DMSO  (LAIR  Code 
TP014),  and  Evaporator  Sludge  (LAIR  Code  TP015). 
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METHODS 
Teat  Substance 

1.  Chemical  name:  DMSO  Recycle  solvent  (TP013) 

2.  Chemical  name:  Virgin  DMSO  (TP014) 

3*  Chemical  name:  DMSO  Evaporator  Sludge  (TP015) 

Identification  of  nitramine  impurities  in  the  test  samples  by  high 
pressure  liquid  chromatography  (HPLC)  was  performed  by  the  Holston 
Defense  Corporation.  Results  from  these  analyses  appear  in  Appendix 
A.  The  samples  were  three  years  old  at  the  time  the  study  was 
conducted,  thus  analyses  for  chemical  stability  were  not  performed. 

Animal  Dat a 

A  combined  total  of  172  male  and  female  ICR  mice  were  obtained 
from  Hilltop  Lab  Animals,  Inc.,  P.0.  Box  25,  Chetsworth,  CA,  91311. 
Additional  animal  data  appear  in  Appendix  B. 

Environmental  Conditions 

A  commercially  available  certified  rodent  ration  and  tap  water 
were  provided  ad  libitum  for  the  animals  during  this  study.  Appendix 
C  gives  a  complete  listing  of  the  environmental  conditions  of  this 
study. 

Dosing 

Limit  Test  (GLP  Study  number  82040) 

Animals  were  selected  at  random  for  five  dose  groups  which 
consisted  of  seven  male  and  seven  female  mice  per  group.  The  Recycle 
Solvent,  Evaporator  Sludge,  Virgin  DMSO,  and  Vehicle  Control  (reagent 
grade  DMSO)  were  dosed  at  a  5*0  ml/kg  limit  level  (5).  The  cage 
control  group  animals  were  untreated.  No  dilution  of  any  of  the 
dosing  materials  was  made.  The  dosing  material  was  heated  to  40  C  to 
optimize  solute/solvent  interactions  at  dosing  (as  requested  by  the 
sponsor).  The  volumes  administered  ranged  from  0.08  ml  to  0.15  ml. 

All  animals  received  a  single  dose  of  the  appropriate  sample  on  4 
•January  1983-  Sterile,  disposable,  1  ml  syringes  (Becton,  Dickinson  & 
Co.,  Rutherford,  NJ)  fitted  with  22-gauge,  2-inch  ball-tipped  feeding 
tubes  (Popper  3  Sons,  Inc.,  New  Hyde  Park,  NY)  were  utilized  for  the 
oral  administration  of  the  samples.  The  dosing  procedures  were 
conducted  without  animal  sedation  or  anesthesia. 
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Recycle  solvent  LD,-q  Test  (GLP  Study  number  83003) 

Six  test  groups  were  selected  at  random,  consisting  of  eight  male 
and  eight  female  animals  per  group.  Four  dose  levels  were  selected 
(3.0,  4*0,  5.0  and  6.0  ml/kg)  based  upon  the  fact  that  a  50  percent 
upon  the  fact  that  a  50  percent  mortality  occurred  at  the  limit  dose 
of  5*0  ml/kg.  The  Recycle  Solvent  Was  not  diluted  before  dosing.  The 
vehicle  control  animals  received  0.2  ml  of  reagent  grade  DMSO  per 
animal.  The  dose  volumes  ranged  from  0.05  to  0.14  ml.  The  Recycle 
Solvent  and  the  Vehicle  Control  were  heated  to  40  C  to  optimize  the 
solvent/solute  interaction  at  dosing  (as  requested  by  the  sponsor). 

All  animals  received  a  single  dose  of  the  Recycle  Solvent  on  on  30 
March  1983.  Sterile,  disposable,  syringes  (Becton,  Dickinson  &  Co., 
Rutherford,  NJ)  fitted  with  22-gauge,  2-inch,  ball-tipped  feeding 
tubes  (Popper  &  Sons,  Inc.,  New  Hyde  Park,  NY)  were  utilized  for  the 
oral  administration  of  the  samples.  The  dosing  procedure  was 
conducted  without  animal  sedation  or  anesthesia. 

Observations 


The  animals  were  observed  for  mortality  and  signs  of  acute 
toxicity  throughout  the  dosing  procedure,  one  hour  after  dosing  and 
during  the  afternoon  of  the  day  of  dosing.  Observations  were  also 
conducted  daily  for  the  remainder  of  the  study.  Animals  were 
observed,  undisturbed  in  cages,  outside  of  cages,  and  after 
replacement  in  cages.  Body  weights  were  recorded  before  dosing  and 
twice  weekly  until  death  or  termination  of  the  study.  Appendix  D 
contains  a  complete  listing  of  observation  periods  and  related  study 
events. 

Statistical  Methods 

Statistical  analyses  were  performed  on  the  Recycle  Solvent  oral 
LD  study  data.  The  LD^ ,  LD  ,  and  LD  were  derived  by  Bliss  probit 
analysis  as  described  by  Finney  (6).  } 

Duration  of  the  Study 

The  study  period  for  the  Limit  Study  (GLP  Study  number  82040)  was 
15  days  with  7  days  of  quarantine/acclimation  before  the  study.  The 
study  period  for  the  LD  Study  (#83003)  was  14  days  with  7  days  of 
quarantine/acclimation  prior  to  the  study  onset.  Appendix  D  is  a 
historical  listing  of  study  events. 

Changes  to  Original  Procedures 

Any  changes  to  the  original  procedures  are  stated  and  documented 
in  protocol  amendments. 
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RESULTS 

Mortality 

Table  1  lists  the  compound  related  deaths  by  group  and  the  percent 
mortality  for  the  Oral  Limit  Test*  GLP  Study  82040. 

Table  1 

Compound  Related  Deaths  by  Group 
Oral  Limit  Test,  82040 


Group 

DMSO  Process  Stream 
Samples 

Compound 

Deaths/No. 

Male 

Related 
in  Group 
Female 

Percent 

Mortality 

Male  Female 

1 

Cage  Control 

0/7 

0/7 

0 

0 

2 

Vehicle  Control 
(Reagent  Grade  DMSO) 

1/7 

1/6* 

14 

16 

5 

DMSO  Recycle  Solvent 
TP013 

5/7 

2/7 

71 

29 

4 

Virgin  DMSO  (Industrial 
Grade  DMSO) 

TP014 

1/7 

2/7 

14 

29 

5 

Evaporator  Sludge 
TP015 

0/7 

0/7 

0 

0 

•One  animal  was  removed  from  the  study  due  to  obvious  improper 
administration  of  the  dosing  material. 


Table  2  lists  the  compound  related  deaths  by  group  and  the  percent 
mortality  for  the  acute  oral  LD  Q  toxicity  study  (GLP  Study  Number 
83003)  of  the  DMSO  Recycle  Solvent  (TP013)* 

Table  2 

Recycle  Solvent,  TP013 

Compound  Related  Deaths  by  Group 
Acute  Oral  Toxicity  (LD^q)  Study,  83003 


Group 

Dose  Level 

Compound 

Deaths/No. 

Male 

Related 
in  Group 
Female 

Percent 

Male 

Mortality 

Female 

1 

Cage  Control 

0/8 

0/8 

0 

0 

2 

Vehicle  Control 
(Reagent  Grade  DMSO' 

0/8 

0/8 

0 

0 

3 

3.0  ml/kg 

2/8 

5/8 

25 

6  i 

4 

4.0  ml/kg 

3/8 

4/8 

38 

50 

5 

5.0  ml/kg 

7/8 

6/7* 

88 

86 

6 

6.0  ml/kg 

6/8 

6/8 

75 

75 

•One  animal  was  removed  from  study  due  to  improper  administration  of 
the  dosing  material. 
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Lethal  Dose  Calculations 

Lethal  Dose  (LD)  values  calculated  by  probit  analysis  for  the  DMSO 
LVeycle  Solvent  (TI'01  5)  are  presented  in  Table  3- 

Table  3* 

Lethal  Dose  (LD)  Levels 

For  the  DMSO  Recycle  Solvent  in  Male  and  Female  Mice 


Percent 

Population 

Lethal  Dose 
ml/kg 

Male  Female 

95  Percent 
Limits 

Male 

Confidence 

(ml/kg) 

Female 

LD 

1 

1.5 

0.2 

(0.3, 

7.6) 

(0.0, 

5.9) 

LD 

50 

4.0 

2.5 

(3.2, 

5.1) 

(2.2, 

2.8) 

LD 

95 

8.0 

17 

(3.0, 

21) 

(4.1, 

74) 

•Statistician's  Report  (Appendix  E). 
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Clinical  Observations 


On  the  day  of  dosing,  the  animals  were  observed  intermittently 
throughout  the  entire  dosing  procedure.  Signs  of  inactivity, 
sluggishness,  interrupted  by  periods  of  excitability  and  irritability, 
were  common  findings  both  in  animals  that  eventually  died  and  those 
which  survived.  The  most  striking  signs  ascribed  to  the  dosing 
material  were  those  of  irritability  and  excitability.  The  affected 
animal  would  become  highly  agitated  when  disturbed  in  cages. 

Gross  Pathological  Observations 

The  results  of  the  limit  test,  which  suggested  that  the  mortality 
observed  in  the  TP013  group  was  caused  by  the  test  substance,  was 
confirmed  by  the  gross  pathological  observations  (Appendix  F).  The 
pattern  of  mortality  implied  that  the  medium  lethal  dose  would  be  less 
than  5.0  ml/kg. 

The  mortalities  which  occurred  appear  to  have  been  caused  by  the 
subject  materials.  The  dose-response  relationship  demonstrated  with 
the  DMSO  Recycle  Solvent  (TP013)  was  confirmed.  No  test  compound- 
related  gross  lesions  were  observed  when  the  surviving  animals  were 
sacrificed  and  necropsies  were  performed.  The  veterinary  pathologist 
report  appears  in  Appendix  F. 

DISCUSSION 

In  the  limit  study,  the  DMSO  Evaporator  Sludge  (TP015)  was  not 
lethal  at  a  dose  of  5-0  ml/kg  while  the  DMSO  Recycle  Solvent  (TP01 3) 
produced  50  percent  mortalities  (5  of  7  males,  2  of  7  females)  at  an 
equivalent  dose.  There  was  also  a  21  percent  (1  of  7  males,  2  of  7 
females)  mortality  rate  in  the  Virgin  DMSO  (TP014)  group  and  a  15 
percent  (1  of  7  males,  1  of  6  females)  mortality  rate  in  the  vehicle 
control  group.  The  pathology  findings  of  the  study  indicate  that 
mortalities  which  occurred  were,  in  large  part,  due  to  improper 
administration  of  the  dosing  material.  The  mortality  pattern  of  the 
DMSO  Recycle  Solvent  (TP013)  did,  however,  suggest  a  possible  mean 
lethal  dose  below  5.0  ml/kg. 

The  LD  study  was  performed  on  the  DMSO  Recycle  Solvent  due  to 
its  toxicity  at  the  5*0  ml. kg  dosage  level.  The  calculated  LD,0  for 
the  DMSO  Recycle  Solvent  (TP013)  was  4*1  ml/kg  in  male  mice  and  2.5 
ml/kg  in  female  mice,  with  respective  95  percent  confidence  limits 
(3 *2  ml/kg,  5*1  ml/kg)  and  (2.2  ml/kg,  2.8  ml/kg).  The  predominant 
clinical  signs  were  depression,  inactivity,  excitation,  and 
aggression,  with  mild  to  moderate  loss  of  equilibrium.  The  toxicity 
of  the  DMSO  Recycle  Solvent  sample  can  be  attributed  to  the  RDX  and 
HMX  in  the  sample,  as  the  DMSO  Evaporator  Sludge  contains  only  0.‘> 
percent  nitramines  versus  5*9  percent  in  the  Recycle  Solvent. 
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The  Vehicle  Control  DMSO  used  in  this  study  is  reagent  grade  for 
laboratory  use  (0.08$  water).  Virgin  DMSO  is  the  bulk  type  or 
industrial  grade  used  extensively  as  both  a  reaction  medium  and  a 
reactant  chemical  (0.6$  water).  The  mortalities  observed  with  these 
compounds  in  the  limit  study  were  unexpected,  as  published  toxicity 
data  indicate  the  oral  LD<__  of  DMSO  in  the  mouse  approximately  21 
gm/kg  (7).  This  suggests'rhat  the  mortalities  were  probably  due  to 
technical  problems  in  the  dosing  of  the  mice,  especially  since  no 
deaths  were  observed  with  the  reagent  grade  DMSO  (vehicle  control)  in 

the  LD  study. 

50 

CONCLUSION 

The  higher  toxicity  of  the  DMSO  Recycle  Solvent  compared  to  that 
of  the  Evaporator  Sludge  or  Virgin  DMSO  is  likely  due  to  the  greater 
amount  of  RDX  and  HMX  present  in  the  solution.  The  DMSO  Recycle 
Solvent  should  be  classified  as  moderately  toxic  (8). 

RECOMMENDATION 

No  recrystallization  pilot  plant  recommendation  is  warranted  based 
solely  upon  this  report.  Further  data  are  necessary  for  the  health 
hazard  assessment  of  these  compound  solutions. 
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Tosielty  Test  Sample  Composition 


Concentration  by  HPLC,  g/1 


Saaple 

b 

RDX 

0 

HMX 

d 

TAX 

e 

sex 

XH  0 

2 

JDMSO 

f 

Virgin  DM SO 

0 

0 

0 

0 

8 

0.63 

99.37 

h 

DMSO  Recycle  Solvent  24.188 

39.542 

0.263 

0 

1 

35.48 

3 

58.64 

f  • 

DMSO  Evaporator  Sludge  0.548 

0.942 

3.521 

0 

i 

5.35 

J 

94.19 

a 

Calculated  Data  In  Height  Percent 


Saaple 

RDX 

HHX 

TAX 

SEX 

H  0 

2 

DMSO 

Virgin  DMSO 

0 

0 

0 

0 

0.63 

99-37 

DMSO  Recycle  Solvent 

2.22 

3.64 

0.02 

0 

35.48 

58.64 

DMSO  Evaporator  Sludge 

0.05 

0.09 

0.32 

0 

5.35 

94.19 

Data  supplied  by  sponsor 

RDX:  Hexahydro-1 f3.5-Trinitro-1,3.5-Trla*ine 

HHX:  Oothydro-1,3.5,7-Tetranitro-1,3.5,7-Tetrsiocine 

TAX:  1-Acetylhe*ahydro-3,5-Dlnitro-1 ,3,5-Triaxlne 

SEX:  1-Acetyloctahydro-3.5,7-Trtnitro-1 ,3.5,7-Tetratoclne 

At  ambient  temperature. 

By  Karl  Fisher 

Analysis  of  equilibrium  liquid  at  40  C. 

1 

Hater  content  calculated  by  difference. 

DM30  content  by  gas  chromatography  using  Virgin  DMSO  sample  as  the  standard. 


i 
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Dhemical— Dat 


Chemical  name:  Hexahydro-1 , 3,5-Trinitro-1 , 3,5-Triazine, 
Cyclotrimethylenetrinitramine ,  Cyclonite 
Hexogen,  RDX 

Chemical  Abstract  Service  Registry  Number:  121-82-4 


Structural  formula: 


N  N 

k  J 

l2 


Empirical  formula:  C^H^N^O^ 
Molecular  weight:  222.13  g/mole 


Physical  State:  White  crystals  varying  in  size 


Melting  point:  200-203  C 

Manufacturer:  Holston  Army  Ammunition  Plant 
Kingsport,  TN 


Chemical  name:  Octahydro-1 ,3,5,7-Tetranitro-l ,3,5,7-Tetrazine 
HMX,  Cyclotetramethylenetrinitramine 

Chemical  Abstract  Service  Registry  Number:  2691-41-0 


Structural  formula: 


rsn 


02N— N 


LnJ 


N — N0„ 
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-Empirical- formal-^: — Cj^HgOgNg - 

Molecular  weight:  296.17  g/mole 

Physical  state:  White  crystals  of  varying  size 

Melting  point:  280  C 

Manufacturer:  Holston  Army  Ammunition  Plant 
Kingsport,  TN 

Chemical  name:  Hexahydro-1-(tf)-Acetyl-3,5-Dinitro-1 , 3,5-Triazine, 
TAX 

Chemical  Abstract  Service  Registry  Number:  14168-42-4 
Structural  formula: 

°2"\^/s°2 

<1och3 

Empirical  formula:  CcHn0_N_ 

5  9  5  5 

Molecular  weight:  219.17  g/mole 

Physical  state:  White  crystals  of  varying  size  ( 

Melting  point:  156  C 

Manufacturer:  By-product  of  the  production/processing  of  HMX/RDX 
at  the  Holston  Array  Ammunition  Plant,  Kingsport,  TN 

Chemical  name:  Octahydro-1-(N)-Acetyl-3,5,7-Trinitro-1 ,3.5,7- 
Tetrazine,  SEX 

Chemical  Abstract  Service  Registry  Number:  13980-00-2 


r"-i 


Structural  formula: 


Empirical  formula: 


5. 


I 


6. 


Molecular  weight:  293.21  g/mole 

Physical  State:  White  crystals  of  varying  size 

Melting  point:  224.2-224.7  C 

Manufacturer:  By-product  of  the  production/processing  of  HMX/RDX 
at  the  Army  Ammunition  Plant,  Kingsport,  TN 

Chemical  name:  Dimethyl  Sulfoxide  (DMSO) 

Chemical  Abstract  Service  Registry  Number  :  00006-76-85 

Structural  formula:  C_H,S0 

2  b 

Empirical  structure:  CH  -S-CH 

3  it  3 

0 


Molecular  weight:  78.02  g/mole 

Physical  state/color:  Clear  transparent  liquid. 

Freezing  point:  18.55  C 

Boiling  point:  189  C 

Contaminants:  Water  0.63  percent 

Manufacturer:  Crown  Zellerbaeh  Corporation 
Chemical  Products  Division 
Camas,  WA  98607 

Chemical  name:  Dimethy  Sulfoxide  (DMSO)  reagent  grade 
Chemical  Abstract  Service  Registry  Number:  00006-76-85 
Structural  formula:  CH  -S-CH 

J  n  3 
0 


Empirical  formula:  c2h6so 

Physical  state:  Clear  transparent  liquid 

Freezing  point:  18.3  C 


HOLSTON  DEFENSE  CORPORATION 


WEST  STONE  DRIVE 
KINGSPORT,  TENNESSEE  37660 

June  22,  1983  tcle»«oi«-  aku  com  cij  147-ini 


Contracting  Officer's  Representative 

Holston  Army  Ammunition  Plant 

Kingsport,  Tennessee  37660 

Dear  Sir: 

Subject:  DMSO  Process  Stream  Toxicological  Testing 

Reference:  USAMBRDL  Letter  to  Commander,  HSAAP,  "DMSO  Munition 

Process  Solvent  Toxicology  Studies  Laboratory  Monitoring 
Visits  and  Technical  Status  Review  Meetings,"  dated 
November  23,  1982 

1.  The  meetings  referred  to  in  the  above  reference  were  attended  as 
requested.  At  that  time  the  toxicity  studies  at  both  LAIR  and  LEHR 
were  just  getting  under  way,  and  the  meetings  were  used  to  review 
preliminary  results  then  available  as  well  as  plans  for  completing 
the  studies.  Holston  was  also  involved  in  a  characterization 
screening  study  of  the  same  test  samples  in  an  attempt  to  identify 
potentially  toxic  compounds  which  might  be  present  and  could 
contribute  to  the  toxic  or  mutagenic  results  observed. 

The  test  samples  had  been  previously  analyzed  for  composition  at 
Holston  and  shipped  to  LAIR.  At  the  referenced  meeting.  Col.  Fruin 
requested  that  in  addition  Holston  furnish  both  the  results  of  the 
characterization  screening  study  and  the  details  of  the  analytical 
methods  used  to  perform  the  original  quantitative  analyses  on  the 
test  samples  at  Holston.  The  screening  study  at  Holston  has  now 
been  completed,  and  the  requested  information  is  hereby  transmitted. 

2.  The  characterization  screening  study  was  performed  on  the  composite 
recycle  solvent  sample  from  the  DMSO  pilot  plant.  Also,  production 
crude/water-washed  RDX  and  HMX  samples  were  subjected  to  analyses 
to  determine  if  any  unusual  compounds  could  be  detected  for  com¬ 
parison  with  any  found  in  the  DMSO  sample.  HPLC  methods  were  used 
during  the  screening  procedure  varying  the  columns,  solvent  systems, 
wavelengths,  and  the  other  parameters  such  that  any  contaminant 
peaks  found  could  be  identified  by  component  retention  time. 

Initial  HPLC  analysis  of  the  recycle  solvent  sample  showed  very  large 
concentrations  of  RDX  and  HMX  which  interfered  with  analysis  of  other 
components.  The  sample  was  treated  to  remove  the  bulk  of  the  RDX  and 
HMX  by  heating  to  40°C  and  then  quenching  one  to  one  with  water.  The 
decanted  liquid  was  then  subjected  to  the  remainder  of  the  screening 


APPENDIX  A  (con 


Contraccing  Officer's  Representative 
June  22,  1983 
Page  2 


White— IS) 


Study  analyses.  The  sample  was  examined  by  several  HPLC  systems 
available  at  Holston  which  are  normally  used  to  analyze  RDX,  HMX, 
and  related  nitramines  found  in  various  plant  process  streams  and 
products.  These  are  presented  in  Attachments  II  and  III.  Other 
HPLC  conditions  presented  in  Attachment  1,  which  do  not  represent 
proven  HPLC  methods,  were  also  used  to  get  as  much  system  variability 
as  possible.  Note  that  Holston  does  not  guarantee  these  results 
since  these  procedures  in  Attachment  I  were  used  only  for  screening 
and  qualitative  purposes.  It  should  also  be  realized  that  most  of 
Holston's  routine  procedures  are  used  to  detect  nitramine  or  related 
compounds.  Other  impurities  may  not  have  been  detected  by  these 
methods.  The  only  compounds  detected  using  any  of  the  systems  were 
RDX,  HMX,  SEX,  and  TAX.  HPLC  retention  tines  for  these  compounds 
matched  the  known  retention  times  for  RDX,  HMX,  SEX,  and  TAX. 
Attachment  I  also  presents  the  results  obtained.  Analysis  of  crude 
RDX  and  HMX  by  the  methods  described  in  Attachment  II  yielded  no 
evidence  of  the  presence  of  compounds  other  than  RDX,  HMX,  and  SEX. 

3.  Quantitative  analyses  of  the  test  samples  were  performed  by  HPLC. 
Since  no  reliable  method  for  direct  analysis  of  DMSO  by  either  HPLC 
or  GC  has  been  developed,  DMSO  values  are  by  difference.  Attachment 
III  presents  an  outline  of  the  quantitative  methods  used. 

4.  This  information  should  be  transmitted  to  the  following: 

Col.  John  Fruin 
Building  1110 
Presidio  of  San  Francisco 
California  94129 

Capt.  James  Carroll 
USAMBRDL 
Building  568 
Fort  Detrick 

Frederick,  Maryland  21701 

Raymond  Goldstein 
ARRADCOM 

'  Picatinny  Arsenal 

Dover,  New  Jersey 

Yours  very  truly, 

HOLSTON  DEFENSE  CORPORATION 

M  B  Knowles 

Plant  Manager 


Attachments  (3) 
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HPLC  Parameters 

Column:  Waters  CN,  1/4"  x  12"  ss 
Detector:  UV  at  254  NM 
Solvent  System:  702  iso-octane 
152  chloroform 
102  acetonitrile 
52  methanol 
Flow  Rate:  3.0  ml/min 
Injection  Volume:  10  microliters 

Column:  LiChrosorb-Amine ,  1/4"  x  12"  ss 
Detector:  UV,  230-260  nm  in 

10  nm  increments 
Solvent  System:  702  iso-octane 
152  chloroform 
102  acetonitrile 
52  methanol 
Flow  Rate:  3.0  ml/min 
Injection  Volume:  10  microliters 

Column:  LiChrosorb-Diol ,  1/4"  x  12"  ss 
Detector:  UV,  230-260  nm  in 
10  nm  increments 
Solvent  System:  70%  iso-octane 
152  chloroform 
102  acetonitrile 
52  methanol 
Flow  Rate:  3.0  ml/min 
Injection  Volume:  10  microliters 

Colunn:  Waters  CN,  1/4"  x  12"  ss 
Detector:  UV  at  254  nm 
Solvent  System:  70%  water 

302  methanol 
Flow  Rate:  2.5  ml/min 
Injection  Volume:  10  microliters 

Column:  Waters  CN,  1/4"  x  12"  ss 
Detector:  UV,  215-290  nm 

in  10  nm  increments 
Solvent  System:  802  water 

202  methanol 
Flow  Rate:  2.5  ml/min 
Injection  Volume:  10  microliters 

Column:  Waters  CN,  1/4"  x  12"  ss 
Detector:  UV,  215-290  nm  in 

10  nm  increments 
Solvent  System:  602  water 

402  methanol 
Flow  Rate:  2.5  ml/min 
Injection  Volume:  10  microliters 


3 1  ci  DMSO 


Components  Defected 


RDX 

HMX 

SEX 


RDX 

HMX 


RDX 

HMX 


RDX 

HMX 

TAX 


RDX 

HMX 

TAX 


RDX 

KMX 

TAX 
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HPLC  Parameters 


Components  Detected 


7.  Colunn:  Waters  CN,  1/4"  x  12"  ss  • 
Detector:  UV  at  254  no 

Solvent  System;  50%  water 

50%  methanol 
Flow  Rate:  2.S  ml /min 
Injection  Volume:  10  microliters 

8.  Column:  LiChrosorb-Diol,  1/4”  x  12"  ss 
Detector:  UV  at  254  nm 

Solvent  System:  80%  water 

20%  methanol 
Flow  Rate:  2.5  ml  /min 
Injection  Volume:  10  microliters 

9.  Column:  LiChrosorb-Amine,  1/4"  x  12"  ss 
Detector:  UV  at  254  nm 

Solvent  System:  80%  water 

20%  methanol 
Flow  Rate:  2.5  ml /min 
Injection  Volume:  10  microliters 

10.  Column:  LIChrosorb-RP18,  1/4"  x  12"  ss 
Detector:  UV.  215-290  nm  in 

10  nm  increments 
Solvent  System:  80%  water 

20%  methanol 
Flow  Rate:  2.5  ml/nin 
Injection  Volume:  10  microliters 

11.  Column:  LiChrosorb-KP18  1/4"  x  12"  ss 
Detector:  UV  at  254  nm 

Solvent  System:  60%  water 

40%  methanol 
Flow  Rate:  2.5  ml/min 
Injection  Volume:  10  microliters 

12.  Column:  LiChrosorb-RP  8  1/4"  x  6"  ss 
Detector:  UV.  215-290  nm  in 

10  nm  increments 
Solvent  System:  80%  water 

20%  methanol 
Flow  Rate:  2.0  ml/min 
Injection  Volume:  10  microliters 

13.  Column:  LiCbrosorb-RP  8  1/4"  x  6"  ss 
Detector:  UV  at  254  nm 

Solvent  System:  60%  water 

40%  methanol 
Flow  Rate:  2.0  ml/min 
Injection  Volume:  10  microliters 


No  component 
separation 


No  component 
separation 


No  component 
separation 


RDX 

H>X 

TAX 

SEX 


No  component 
separation 


RDX 

HMX 

TAX 

SEX 


No  component 
separation 
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ATTACHMENT  II 


HPLC  Analysis  of  Crude  PDX 


HPLC  Parameters 


Components  Detected 


Column:  Waters  CN,  1/4"  x  12“  ss 
Detector:  UV,  215-290  no  in 

10  nn  increments 
Solvent  System:  70Z  iso-octane 
152  chloroform 
102  acetonitrile 
52  methanol 

Flow  Rate:  3.0  ol/min 
Injection  Volume:  10  microliters 


RDX 

HMX 

SEX 


HPLC  Analysis  of  Crude  HMX 


HPLC  Parameters 


Components  Detected 


Column: 

Waters  CN.  1/4"  x  12"  ss 

Detector 

:  UV.  215-290  nm  in 

RDX 

10  nm  increments 

UVfV 

Solvent 

System:  702  iso-octane 

SEX 

152  chloroform 

102  acetonitrile 
52  methanol 
Flow  Rate:  3.0  ml /min 
Injection  Volume:  10  microliters 


APPENDIX  A  (cont.) 


ATTACHMENT  III 


White— 23 


Quanticative  Analysis  of  DMSO/Explosives  Samples 


Sample  Preparation. 

1.  Weigh  representative  liquid  sample. 

2.  Evaporate  sample  to  dryness  -  weigh  dried  sample. 

3.  Add  acetonitrile  to  sample  sufficient  to  completely  dissolve  all 
solids. 

4.  Analyze  for  RDX,  HMX ,  and  SEX  using  Procedure  A  below. 

5.  Analyze  for  TAX  using  Procedure  B  below. 

Procedure  A  -  HPLC 

Column:  Waters  CN,  1/4"  x  12"  ss  (Waters  No.  84082) 

Detector:  UV  at  254  nm 
Solvent  System:  70%  iso-octane 
15%  chloroform 
10%  acetonitrile 
5%  methanol 
Flow  Rate:  3.0  ral/min 
Injection  Volume:  10  microliters 
Typical  Retention  Times  (seconds):  RDX  -  195 

SEX  -  365 
HMX  -  423 

Procedure  B  -  HPLC 

Column:  Waters  CN,  1/4"  x  12"  ss  (Waters  No.  84082) 

Detector:  UV  at  254  nm 
Solvent  System:  80%  water 

20%  methanol 
Flow  Rate:  2.5  ml/mln 
Injection  Volume:  10  microliters 

DMSO/Water  Content 


Karl  Fischer  titration  was  used  to  determine  the  water  content  of  the 
liquid  recycle  solvent.  DMSO  was  determined  by  difference  as  below: 

%  DMSO  -  100%  -  %  Solids  -  %  Water 
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ANIMAL  DATA 
GLP  STUDY  82040 


Study  Type:  Acute  Oral  Toxicity  Limit  Test  of  DMSO  Process  Stream 
Samples  in  Male  and  Female  Mice. 

Species:  Albino  laboratory  mouse  (Mus  muaculus  ) 

Strain:  ICR 

Source:  Hilltop  Laboratory  Animals 
P.0.  Box  25 
Chetsworth,  CA  91311 

Sex:  Male  and  Female 

Age:  On  Day  of  Dosing,  7  weeks 

Dates  of  Birth:  16  November  1982 

Method  of  Randomization:  Weight  bias  stratified  using  the  RANDOM 

Computer  Program  (LAIR  SOP  OP-156-21). 

Animals  in  Each  Group:  7  male  and  7  female  animals. 

Condition  of  Animals  at  Start  of  Study:  Normal 

Body  Weight  Range  at  Dosing:  Males  24  to  32  g 

Females  17  to  26  g 

Identification  Procedures:  Ear  tagged  (LAIR  SOP  OP-ARG-1),  numbers 

82C00243  to  82C00363,  with  exclusions. 

Pretest  Conditioning:  Quarantine/acclimation  22  December  1982  to  3 

January  1 983 

Justification:  The  laboratory  mouse  has  been  proven  to  be  a  sensitive 
and  reliable  system  for  lethal  dose  determination. 
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ANIMAL  DATA 
CLP  STUDY  83003 


Study  Type:  Acute  Oral  Toxicity  (LD  Q)  Teat  of  DMSO  Process  Stream 
Sample  Recycle  Solvent  \TP013)  in  Male  and  Female  Mice 

Species:  Albino  laboratory  mouse  (Mus  musculus  ) 

Strain:  ICR 

Source:  Hilltop  Laboratory  Animals 
P.0.  Box  2lj> 

Chetsworth,  CA  91311 

Sex:  Male  and  Female 

Age:  On  day  of  dosing  (30  March  1983) 

Male  6  weeks 

Female  9  weeks 

Dates  of  Birth:  Male  16  February  1983 

Female  29  January  1 983 

Method  of  Randomization:  Weight  bias  stratified  using  the  RANDOM 

Computer  Program  (LAIR  SOP  OP-ISG-21). 

Animals  in  Each  Group:  8  males,  8  females 

Condition  of  Animals  at  Start  of  Study:  Normal. 

Body  Weight  Range  at  Dosing:  Males  18  to  24  g 

Females  16  to  26  g 

Identification  Procedure:  Ear  tagged  (LAIR  SOP  OP-ARG-1),  numbers 

83C00101  to  83C00202  without  exclusions. 

Pretest  Conditioning:  Quarantine/acclimation  22-29  March  1983* 

Justification:  The  laboratory  mouse  has  been  proven  to  be  a  sensitive 
and  reliable  system  for  lethal  dose  determination 


APPENDIX  B  (concluded) 


Wii  i  1 1- 


ENVIRONMENTAL  CONDITIONS 


Casing:  Number/cage  -  1 

Type  of  Cageo  Used:  Stainless  steel  "mesh  drawer  reek"  type.  IU-dd 

none. 

Diet:  Certified  Purina  Rodent  Chow,  Diet  #500 2 
Ralston  Purina  Company 
Checkerboard  Square 
St.  Louis,  MO  63188 
ad  lib. 

Water:  Automatic  Lixit  dispenser. 

Temperature:  25*5  1  C 

Relative  Humidity:  55  2% 

Photoperiod:  0530  to  2000  hours  per  day  (light  14-1/2  hours). 
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HISTORICAL  LISTING  OF  STUDY  EVENTS 
GLP  STUDY  82040 


Date 


Event 


22  Dec  82 


23  Dec  82  - 
3  Jan  83 

28  Dec  82 

23,27,30  Dec  82 

4  Jan  83 


5-17  Jan  83 
7,10,14  Jan  83 

17  Jan  83 

18  Jan  83 


Animals  arrived  at  LAIR.  Sexes  were  iden¬ 
tified.  Mice  were  observed  for  illness, 
ear  tagged,  weighed,  and  caged  in  the  GLP 
Suite.  At  least  56  animals  were  assigned 
to  the  study. 


Animals  checked  once  daily. 

Animals  weighed  and  randomized  into 
dose  groups. 

Animals  conditioned  to  dosing  procedure 
using  sterile  gavage  tubes  (no  material 
injected). 

Animals  weighed  and  dosed.  Observations 
conducted  one  to  two  hours  after  dosing 
Animals  observed  for  clinical  signs 
which  were  recorded. 

Animals  observed  daily  for  clinical  signs. 

Animals  weighed. 

Food  removed  at  1600  hours. 

Animals  observed  for  clinical  signs 
at  0700  hours  and  weighed.  Animals 
delivered  to  PSG  Necropsy  Suite  for 
sacrifice  and  gross  necropsy  by  0900 
hours. 
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Date 

? 4  Mar  0.5 

:'4-?9  Mar 

Ka  r  83 

?8  Mar  03 
.78,29  Mar 

50  Mar  83 

31  Mar  - 

83 

1 ,4,8  Apr 
1 1  Apr  83 
10  Apr  83 


HISTORICAL  LISTING  0?  STUDY  EVENTS 
GI,r  STUDY  85003 


Event 

Animal3  arrived  at  LAIR.  Sexes  were  iden¬ 
tified.  Mice  were  observed  for  illness, 
ear-tagged,  weighed,  and  caged  in  the  GLP 
Suite.  At  least  36  animals  were  assigned 
to  the  study. 

83  Animals  checked  once  daily. 

Animals  weighed  and  randomized  into  dose 
groups. 

Animals  weighed. 

83  Animals  conditioned  to  dosing  procedure  using 

sterile  gavage  tubes  (no  material  injected). 

Animals  weighed  and  dosed.  Observations  con¬ 
ducted  one  to  two  hours  after  dosing.  Animals 
observed  for  clinical  signs  which  were  recorded. 

1  Apr  Animals  observed  for  clinical  signs  daily. 

83  Animals  weighed. 

Food  removed  at  1600  hours. 

Animals  observed  for  clinical  signs 
at  0700  hours  and  weighed.  Animals 
delivered  to  PSG  Necropsy  Suite  for 
sacrifice  and  gross  necropsy  by  0900 
hours. 
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STATISTICAL  ANALYSIS 


Eight  male  and  eight  female  animals  were  assigned  to  each  of  six 
study  groups  by  simple  random  sampling  techniques  using  a  program, 
Random,  on  the  Data  General  C  330  Computer. 

Bliss  method  of  probit  analysis  was  used  to  determine  the  LD^ , 
LDj-q,  and  LD  ^  values  along  with  the  corresponding  95#  confidence 
limits*.  The  program,  PROBIT,  was  used  to  determine  the  probit  curve 
and  the  lethal  dose  values.  The  probit  regression  line  fit  to  the 
data  was: 

Males  Y  =  1.6  +  5.6  Log  X 
Females  Y  =  4-2  +  1.9  Log  X 

where  X  is  the  dose  and  Y  the  corresponding  probit  value. 


— r_  .  .... 

VIRGINPA  L.  GILDENGORIN,  PhD'", 
DAC,  Statistician 
20  October  1983 


♦Results  appear  in  Table  3,  Body  of  Report,  page  6. 
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PATHOLOGY  REPORT 
GLP  Study  82040 

Acute  Oral  Toxicity  Limit  Teat  in  Male  and  Female  Mice  of  DMSO 
Process  St-  aa  Saaples  [a.  DMSO  Recycle  Solvent  (TP013),  b. 
Virgin  DMSO  Solution  (TP014),  and  DMSO  Evaporator  Sludge  (TP015)] 


History:  The  male  and  female  albino  ICR  mice  in  this  study  were  divided 
into  5  groups.  All  groups  but  the  cage  controls  received  a  single  dose  of 
either  5  ml/kg  of  vehicle  or  one  of  the  test  solutions  by  oral  gavage.  The 
solution  dosed  with  and  the  number  of  mice  in  each  group  were  as  follow: 

Group  1  (Cage  controls)  -  7  males,  7  females 
Group  2  (Vehicle  controls)  -  7  males,  7  females 

Group  3  (TP013)  -  7  males,  7  females 

Group  4  (TP015)  -  7  males,  7  females 

Group  5  (TP014)  -  7  males,  7  females 

Seven  male  mice  died:  1  mouse  in  Group  3  wee  found  dead  21  minutes  after 
being  dosed,  1  mouse  in  Group  2  was  found  dead  25  hours  and  26  minutes  after 
dosing,  and  5  mice  in  Group  3  were  found  dead  between  17  hours  and  27 
minutes  and  233  hours  and  34  minutes  after  dosing. 

Five  female  mice  died:  2  mice  in  Group  5  were  found  dead,  1  at  5  minutes 
and  1  at  12  minutes  after  dosing,  2  mice  in  Group  2  were  found  dead,  1  at  1 
hour  and  27  minutes  and  1  at  1  hour  and  33  minutes  after  doing,  and  1  mouse 
in  Group  3  was  found  dead  17  hours  and  14  minutes  after  dosing. 

All  other  mice  survived  until  termination  of  the  study,  14  days  after 
dosing.  The  mice  were  killed  by  exsanguination  from  severed  axillary 
vessels  while  under  anesthesia  produced  by  intraperitoneal  injection  of 
pentobartitol. 

Gross  necropsy  findings:  Most  mice  that  died  had  lesions  that  may  have  been 
due  to  the  toxic  effects  of  tested  compound  and/or  vehicle,  but  more  tha?t 
likely  were  due  to  aspiration  of  tested  materials  and/or  or  vehicle  or 
gouging  with  the  stomach  tube:  1/1*  male  and  1/2  females  in  Group  2,  3/5 
males  in  Group  3»  and  1/1  male  and  2/2  females  in  Group  5  had  lungs  with 
red-mottled  lobes,  and  1/2  females  in  Group  2  and  1/1  male  and  2/2  females 
in  Group  5  had  hydro thorax. 

Three  mice  that  died  had  lvsions  that  were  due  to  being  gouged  with  the 
stomach  tube:  1/2  females  in  Group  2  and  1/5  males  in  Group  3  had 
hemothorax  and  1/1  female  in  Group  3  had  a  retroesophageal  blood  clot. 

*Number  of  animals  affected/Number  of  animals  in  the  group  or  Number  of 
animals  affected/Number  of  animals  that  died , 
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The  male  in  Group  3  that  wag  found  dead  235  hours  after  being  dosed  had 
black  material  in  its  stomach  and  small  intestine  that  may  have  been  blood. 
The  reason  for  the  presence  of  the  black  material  was  not  determined. 

The  stomach  of  the  male  in  Group  2  that  died  was  distended  with  clear  fluid 
which  was  probably  water.  Mild  autolysis  was  present  in  several  mice  that 
died:  1 / 1  male  in  Group  2  and  3/5  males  and  1/1  female  in  Group  3* 

Necropsies  revealed  no  gross  lesions  in  male  or  female  ICR  mice  that  were 
killed  at  termination  of  the  study.  One  of  7  male  mice  in  Group  4  b"d 
pinworms. 

Summary: 

1.  The  number  and  pattern  of  deaths  suggest  that  TP013  kills  male  ICR  mice. 

2.  Necropsies  of  mice  that  died  indicate  that  almost  all  deaths  were  most 
likely  due  to  aspiration  of  tested  material  and/or  vehicle  or  trauma 
associated  with  administration  of  tested  material  and/or  vehicle. 

3*  No  gross  lesions  were  observed  in  any  mice  killed  at  termination  of  the 
study. 

GLEN  E.  KARRS,  JR.,  DYM,  MS 
Diplomate,  A.C.V.P. 

MAJ,  VC 

Assistant  Chief,  Pathology  Services  Group 
Division  of  Research  Support 


7  March  1983 
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PATHOLOGY  REPORT 
GLP  Study  83003 

Acute  Oral  Toxicity  Study  (LDj-q)  of  DMSO  Process  Stream  Recycle 
Solvent  Sample  (LAIR  Code  No.  TP013)  in  Male  Mice 

History:  The  male  albino  ICR  mice  in  this  study  were  divided  into 
6  groups;  a  cage  control  group,  a  vehicle  control  group,  and  4  dose 
groups.  The  mice  in  all  groups  but  the  cage  controls  received  a 
dose  of  either  reagent  grade  DMSO  (vehicle  controls)  or  DMSO 
Process  Stream  Recycle  Solvent  solution  (TP013)  by  oral  gavage. 

The  solution  dosed  with  and  number  of  mice  in  each  group  were  as 
follow: 

Group  1  (Cage  controls)  -  8  mice 
Group  2  (Vehicle  controls)  -  8  mice 
Group  3  (3*0  ml/kg)  -  8  mice 
Group  4  (4.0  ml/kg)  -  8  mice 
Group  5  (5.0  ml/kg)  -  8  mice 
Group  6  (6.0  ml/kg)  -  8  mice 

Eighteen  mice  died,  H  died  between  5  minutes  and  2  hours  and  41 
minutes  after  being  dosed  and  1  was  found  dead  46  hours  and  12 
minutes  after  being  dosed  with  TP013.  The  deaths  of  2/8*  mice  in 
group  3,  3/8  mice  in  group  4,  7/8  mice  in  group  5,  and  6/8  mice  in 
group  6  were  due  to  the  TP013  solutions.  All  other  mice  survived 
until  the  conclusion  of  the  study.  The  surviving  mice  were  killed 
by  exsanguination  from  severed  axillary  vessels  while  under 
anesthesia  produced  by  intraperitoneal  injection  of  pentobarbital. 

Necropsy  findings:  Necropsies  revealed  no  gross  lesions  in  7/18 
mice  that  died;  1/2  in  group  3,  2/3  in  group  4,  and  4/7  in  group  5. 
Eleven  of  18  mice  that  died  had  gross  lesions  that  were  due  to  the 
tested  solutions.  The  lungs  of  2/6  mice  in  group  6  were  mottled 
red  and  wet  or  mottled  red  and  failed  to  collapse.  The  muzzle  of 
1/2  mice  in  group  3,  1/3  mice  in  group  4,  3/7  mice  in  group  5,  and 
5/6  mice  in  goup  6  were  covered  by  clear  wet  material. 

•Number  of  mice  affected/Nuraber  of  mice  in  the  group  or  Number  of 
mice  affected/Number  of  mice  that  died. 
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Necropsies  revealed  no  gross  lesions  in  the  male  ICR  mice  that  were 
killed  at  the  conclusion  of  the  study. 

Summary: 

1.  The  deaths  of  18  male  ICR  mice  were  due  to  the  tested 
solutions. 

2.  Gross  lesions  were  observed  in  11/18  male  mice  that  died.  The 
lung  lesions  in  2  group  6  mice  and  the  clear  wet  material  on  the 
muzzle  of  some  mice  in  each  dose  group  that  received  TP01 3  were  due 
to  the  tested  solutions. 

3-  No  gross  lesions  were  observed  in  7/13  male  mice  that  died. 

4.  No  gross  lesions  were  observed  in  the  male  ICR  mice  that  were 
killed  at  the  conclusion  of  the  study. 

GLEN  E.  MARRS,  JR.,  DVM,  MS 
Diplomate,  A.C.V.P. 

MAJ,  VC 

Assistant  Chief,  Pathology  Services  Group 
Division  of  Research  Support 

10  June  1983 
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PATHOLOGY  REPORT 
GLP  Study  83003 

Acute  Oral  Toxicity  Study  (LDj-0)  of  DMSO  Process  Stream  Recycle 
Solvent  Sample  (LAIR  Cone  No.  TP013)  in  Female  Mice 

History:  The  female  albino  ICR  mice  in  this  study  were  divided 
into  6  groups;  a  cage  control  group,  a  vehicle  control  group,  and  4 
dose  groups.  The  mice  in  all  groups  but  the  cage  controls  received 
a  dose  of  either  reagent  grade  DMSO  (vehicle  controls)  or  DMSO 
Process  Stream  Recycle  Solvent  solution  (TP013)  by  oral  gavage. 

The  solution  dosed  with  and  number  of  mice  in  each  group  were  as 
follow: 

Group  1  (Cage  controls)  -  8  mice 
Group  2  (Vehicle  controls)  -  7  mice 
Group  3  (4.0  ml/kg)  -  8  mice 
Group  4  (5-0  ml/kg)  -  7  mice 
Group  5  (6.0  ml/kg)  -  8  mice 
Group  6  (3.0  ml/kg)  -  8  mice 

Twenty-one  mice  died  between  5  minutes  and  1  hour  and  53  minutes 
after  being  dosed  with  TP013.  The  deaths  of  5/8*  mice  in  group  6, 
4/8  mice  in  group  3,  6/7  mice  in  group  4,  and  6/8  mice  in  group  5 
were  due  to  the  TP013  solutions.  All  other  mice  survived  until  the 
conclusion  of  the  study.  The  surviving  mice  were  killed  by 
exsanguination  from  severed  axillary  vessels  while  under  anesthesia 
produced  by  intraperitoneal  injection  of  pentobarbital. 

Necropsy  findings:  Necropsies  revealed  no  gross  lesions  in  14/21 
mice  that  died;  5/5  in  group  6,  2/4  in  group  3,  3/6  in  group  4,  and 
4/6  in  group  5-  Seven  of  21  mice  that  died  had  gross  lesions  that 
were  due  to  the  tested  solutions.  The  lungs  of  1/4  mice  in  group  3 
were  mottled  red.  The  muzzle  of  2/4  mice  in  group  3,  2/6  mice  in 
group  4,  and  2/6  mice  in  group  6  were  covered  by  clear  wet 
material. 

One  of  6  mice  in  group  4  that  died  had  a  subcutaneous  abscess  in 
the  area  of  the  left  axilla.  This  lesion  most  likely  represented 
focal  mastitis  and  was  considered  to  be  an  incidental  finding. 

•Number  of  mice  af fected/Number  of  mice  ir  the  group  or  Number  of 
mice  af fected/Number  of  mice  that  died. 
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Necropsies  revealed  no  gross  lesions  in  the  female  ICR  mice  that 
were  killed  at  the  conclusion  of  the  study. 

Summary: 

1 .  The  deaths  of  21  female  ICR  mice  were  due  to  the  tested 
solutions. 

2.  Gross  lesions  were  observed  in  7/21  female  mice  that  died.  The 
lung  lesion  in  1  group  3  mouse  and  the  clear  wet  material  on  the 
muzzle  of  2  mice  in  groups  3,4  and  5  were  due  to  the  tested 
solutions. 

3-  No  gross  lesions  were  observed  in  14/21  female  mice  that  died. 

4.  No  gross  lesions  were  observed  in  the  female  ICR  mice  that  were 
killed  at  the  conclusion  of  the  study. 

GLEN  E.  HARRS,  JR.,  DVM,  MS 
Diplomate,  A.C.V.P. 

MAJ,  VC 

Assistant  Chief,  Pathology  Services  Group 
Division  of  Research  Support 

10  June  1983 
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